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lew |Oqwi h=}r=wQm}t 'T}r}Uwv=v |@}mQD QF= |UQQ@

w |Q}PBPwiv '|m}v=mt C=YNWt QO ur}B wQB|rB
|v=t}U C} RwBt=m |O} Qrm sH=yD

�Q=}O=DU=� �u=t}B =iY
u=QyD '�`� u}UL s=t= `t=H x=oWv=O 'u=Qta |UOvyt xwQo

C=YNWt QO ur}B wQB|rB w |Oqwi h=}r=wQm}t 'T}r}Uwv=v u=t-=wD QF= 'Q[=L VywSB QO
�2 R= =Pr "CU= xOW |UQQ@ |v=t}U C} RwBt=m |O} Qrm sH=yD w |Q}PBPwiv '|m}v=mt
h=}r= R= |tHL OYQO 0 2 w 1 ?}DQDx@ w u=t}U u} Ro}=H u=wvax@ T}r}Uwv=v |vRw
u}vJty w =RHt CQwYx@ |v=t}U C} RwBt=m QO |vOwRi= u=wvax@ ur}B wQB|rB w |Oqwi

w |WtN '|Q=Wi |=yCtw=kt %uwJty |}=yV}=tR; "CU= xOW xO=iDU= u=t-=wD CQwYx@
O} Qrm uw} |xOW`} QUD CQH=yt w xv}} wt ?; ?PH MQv 'CwY=Qi Tr=B CaQU '|WWm
'T}r}Uwv=v u=tRsy Qw[L xm CU= u; R= |m =L G}=Dv "CU= xOW |UQQ@ (RCMT)

?}DQDx@ xRwQ 90 |v=t}U C} RwBt=m \wrNt KQ] QO ur}B wQB|rB w |Oqwi h=}r=wQm}t
w |WtN '|Q=Wi |=yCtw=kt |OYQO 25 9 w 67 2 '32 3 '59 3 V}=Ri= x@ QHvt

w ?; ?PH MQv Vy=m "CU= xOW Oy=W |xvwtv =@ xU}=kt QO |WtN |otQkJ w |WWm
"CU= xOw@ Q[=L VywSB xHwDp@=k G}=Dv Qo}O R= |O} Qrm sH=yD Q@=Q@ QO s=wO V}=Ri=

speyman@ihu.ac.ir

C=YNWt 'ur}B wQB|rB h=}r= '|Oqwi h=}r= 'T}r}Uwv=v %|O}rm u=oS=w
"s=wO '|m}v=mt

xtOkt "1
x@ =Q |O=} R xHwD |v=t}U |x}=B O=wt QO C=QPwv=v R= xO=iDU= ,=Q}N= [5]"CU= xDiQo
QYLvt X=wN |NQ@ wv=v T=}kt QO Ovv=wD|t =yu; =Q} R 'CU= xOQm ?rH OwN
'T=}ktwv=v Pi=vt =@ u=t}U |xD=QO}y Q=DN=U x@ xHwD =@ [6]"Ovvm O=H}= =Q OQi x@
uD@ s=wO w s=mLDU= w Ovvm Q)B =Q wv=v R}=U =@ Pi=vt QF-wt Qw]x@ Ovv=wD|t C=QPwv=v
Ovv=wD|t |}=RxDUy |=yuwv=m u=wvax@ C=QPwv=v 'Qo}O |} wU R= [7]"OvyO V}=Ri= =Q
R= pY=L CqwYLt ,=@k=aDt "OvwW u=t}U uw}U=QO}y Vvm =w `} QUD x@ QHvt
|v=t}U T} QD=t QDtm pNrND w QDsm =QDt Q=DN=UR} Q O=H}= x@ uw}U=QO}y Vvm =w

[9w8]"Ovvm|t ltm
T}r}Uwv=v "CU= (SiO2) O}Um =|Ouwm}r}U |}=}t}W pwtQi |=Q=O T}r}U
|O=OaD j} Q] R= T}r}U QOwB C=QP |xR=Ov= Vy=m =@ xm OwW|t jq]= |}xQPwv=v x@
u=wvax@ Ov=wD|t T}r}Uwv=v "OwW|t O}rwD |QDtwv=v K]U x@ hrDNt |=yOv}=Qi R=
[10]"OwW xO=iDU= |v=t}U |=yC} RwBt=m s=wO w |m}v=mt X=wN Ow@y@ |=Q@ |vOwRi=
|O}�wrm T}r}Uwv=v uOwRi= Q}F-=D [11]'�2016� u=Q=mty w 1=QD}J '=DU=Q u}ty QO
|v} Ro}=H xm OvDi=} QO w OvOQm |UQQ@ =Q Ctw=ktQ)B uD@ s=wO w |m}v=mt X=wN QO

|xv=OnvU 'xU=t =@ OvrDQB u=t}U uOQm\wrNt R= xm CU= |v=tDN=U |}xO=t uD@
xO=iDU=CN=U CavY QO xOQDUo Qw]x@ xm 'OwW|t xDN=U ?; w xOWOQN
|Q=oR=U 'uD@ <=RH= u=w=Qi `@=vt uOw@TQDUO QO 'uOw@xiQYx@ uwQkt [1]"OwW|t
|xO=iDU= ?@U xm OvDUy |}=y|oS} w xrtH R= ?U=vt Ctw=kt w CU} R\}Lt =@
Ctw=kt uDW=O Q@xwqa '|vD@ |=yxR=U |L=Q] QO [3w2]"CU= xOW u; ?wr]t
xDiQo Q_v QO O}=@ |D=}L |xYNWt l} u=wvax@ R}v uD@ s=wO 'q=@ |m}v=mt
|m} Swrw}@ =} '|m} R}i '|}=}t}W Ov}=Qi xvwoQy Q@=Q@ QO O}=@ s=wO=@ uD@ "OwW
Ctw=kt 'Ov=UQ ?}U; u; x@ CU= umtt xR=U |D=tON Qta pw] QO xm

[4]"Ovm
OQ=w |Qw=:vi wVv=OhrDNt |=yxv}tR QO xmCU= O}OH |OQm} wQ 'wv=v |Qw=:vi
w |v=tDN=U Kr=Yt OQmrta V}=Ri= |=DU=Q QO |}xOQDUo C=ar=]t =Pr "CU= xOW
CQwY wv=v |Qw=:vi |Q}oQ=mx@ =@CN=U CavY |=Q@ Q=O}=B w s=wO=@ |=yuD@ |xaUwD

pw�Ut xOvU} wv �
"1402 9 13 VQ}PB '1402 9 3 x}LqY= '1402 5 29 Ci=} QO %M} Q=D

%xr=kt u}= x@ O=vDU=
u=Qta |UOvyt "|v=t}U C} RwBt=m |O} Qrm sH=yD w |Q}PBPwiv '|m}v=mt C=YNWt QO ur}B wQB|rB w |Oqwi h=}r=wQm}t 'T}r}Uwv=v |@}mQD QF= |UQQ@ "1403 "=iY 'u=t}B
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|y=oW}=tR; |xt=vQ@ "2
|iQYt Kr=Yt "1"2

w 0 34 (m2/gr) |xS} w K]U =@ u=QyD II A}D u=t}U R= 'Q[=L VywSB QO
u=t}U |}=}t}W |=y?}mQD "CU= xOW xO=iDU= 3 12(gr/cm3) XwYNt uRw
|a}@] |U}r}U |xU=t "CU= xOW x�=Q= 1 pwOH QO Q[=L VywSB QO |iQYt
xO=iDU= xv=OR} Q u=wvax@ 2 49 |tQv pwOt w 2 65(gr/cm3) XwYNt uRw =@
"CU= xOw@ [20] ASTM C778 OQ=Ov=DU= =@ j@=]t u; |Ov@xv=O C=t=Rr= xm &OW
T}r}Uwv=v `}=vY CmQW pwYLt 'Q[=L VywSB QO xOWxO=iDU= T}r}Uwv=v
R= u}vJty "CU= xOW x�=Q= 2 pwOH QO u; C=YNWt xm 'CU= xOw@ T}D=U}=
xO=iDU= 3 pwOH QO xOWx�=Q= C=YNWt =@ j@=]t ur}B wQB|rB w |Oqwi h=}r=wQm}t
CU= sRq QmPD u}= "OwW|t xOy=Wt 1 pmW QO =yu; |Qy=_ Q} w=YD xm 'CU= xOW
u=wvax@ Qw]u}ty w |v=t}U C} RwBt=m QO Q_vOQwt |}=Q=m x@ |@=}CUO Qw_vtx@ xm
R= '|v=t}U Cqt QO T}r}Uwv=v ?U=vt |oOWVNB CyH R=OQBK]U |xO=t l}
|Ov@xOQ =@ j@=]t '|t}WOvw CmQW pwYLt QD= Cq}Umw@ Qm |rB |xOvvmu=wQ jwi
Q@xwqa "CU= xOW xO=iDU= [21]'ASTM C494/C494M OQ=Ov=DU= T=U=Q@ F

"CU= xOW xO=iDU= 6 9 =@ Q@=Q@ pH Q=Okt =@ |QyW ?Q )W ?; 'u}=

T}r}Uwv=v |w=L uw}Uv=BUwU CN=U VwQ "2"2
'?; R=}vOQwt |xR=Ov=x@ =OD@= 'T}r}Uwv=v |w=L uw}Uv=BUwU CN=U Qw_vtx@
w xOW xDN} Q QW@ QO w u} RwD QD= Cq}Umw@ Qm|rB |xOvvmu=wQ jwi w T}r}Uwv=v
C=w 200 u=wD ?=NDv= =@ w xDiQo Q=Qk 4|@ wQB CwY jwi=t x=oDUO QO QW@ TBU

"II A}D OvrDQB u=t}U |}=}t}W |=y?}mQD "1 pwOH
|vRw OYQO |}=}t}W |=y?}mQD

63 01 CaO

19 42 SiO2
6 78 SO3
3 63 Al2O3
3 23 Fe2O3
2 70 MgO

0 71 K2O

0 29 TiO2
0 19 MnO

"|iQYt T}r}Uwv=v |=y|oS} w "2 pwOH
C=QP |xR=Ov= pH nvQ XwrN OYQO pmW

QDt|r}t 18 =D 15 3 5� 5 5 O}iU 99 QOwB wv=v
"ur}B wQB|rB w |Oqwi h=}r=wQm}t C=YNWt "3 pwOH

ur}B wQB|rB h=}r= |Oqwi h=}r= |oS} w
12 18 (mm) pw]
0 1 0 7 (mm) Q]k
320 1050 (MPa) |WWm Ctw=kt
120 25 7 (L/D) |O=a@= C@Uv

|=yCtw=kt V}=Ri= x@ QHvt \ki xv Ctw=ktQ)B uD@ QO T}r}Uwv=v =@ u=t}U |�RH
Ow@y@ R}v =Q O} Qrm uw} Pwiv Q@=Q@ QO s=wO xmr@ 'OwW|t |WWm w |WtN '|Q=Wi

"OWN@|t
R= |}=y|oS} w xm &CU= |Rri |xOvvmKrUt ẁv l} '|Oqwi h=}r=wQm}t
K]U w 100 =D 20 OwOL �Q]k x@ pw] C@Uv� |O=a@= C@Uv 'x=Dwm pw] %xrtH
|i=m |xR=Ov= x@ |Oqwi h=}r= xm CU= sRq QmPD u}= "OvQ=O hrDNt |=y`]kt
|v=t}U T} QD=t l} QO =yu; |iO=YD ,qt=m |oOWVNB u=mt= =Pr 'OvDUy lJwm
Q=Okt hQYt xm CU= u}= |Oqwi h=}r= OQwt QO xHwD p@=k |xDmv "CU= sy=Qi
uD@ |m} R}i C=}YwYN QO |i}m C=Q}}eD Ea=@ Ov=wD|t uD@ QO =yu; R= |v}at
X=wN Q}=U w s=wO 'VtN '|oDUN 'x@ Q[ '|oOQwNlQD Q@=Q@ QO Ctw=kt w OwW
u=Wv [13]'�2007� u=Q=mty w 2|J} R=} [12]"OyO V}=Ri= |yHwD p@=k pmWx@ =Q
hrDNt |vOwRi= |=yOYQO w |O=a@= C@Uv =@ |Oqwi h=}r= R= xO=iDU= xm OvO=O
=D 11 OwOL '|Q=Wi Ctw=kt |OYQO 19 =D 4 OwOL V}=Ri= x@ QHvt 'uD@ QO
"OwW|t |WtN Ctw=kt |OYQO 81 =D 3 OwOL w |WWm Ctw=kt |OYQO 54
|Oqwi h=}r= Q}F-=D [14]'�2014� u=wQy@ w =}vQiy@ \UwD Qo}O |WywSB QO u}vJty
QO Pwiv jta xm 'CU= xOW VQ=Ro w |UQQ@ uD@ O} Qrm Pwiv Q@=Q@ QO Ctw=kt QO
xDi=} Vy=m �15 'Oy=W |xvwtv x@ C@Uv |Oqwi h=}r= =@ xOWC} wkD |=yxvwtv

"CU=
pmWDt xm CU= |Qt}rB h=}r= |awv 'ur}B wQB|rB h=}r=wQm}t 'Qo}O |} wU R=
KrUt uD@ sDU}U l} O=H}= Ea=@ xm 'CU= |}xDWQlD lR=v Q=}U@ |=yxDWQ R=
p}rOx@ ur}B wQB|rB h=}r=wQm}t "OwW|t q=@ Q=}U@ C}i}m w ?U=vt |}=Q=m =@
Ct}k w ?U=vt s=wO 'q=@ |Q}PBh=]av= w |Q}PBpmW %Ovv=t '|RQ=@ C=YNWt
3nv=w [15]"OwW|t xO=iDU= |v=t}U C} RwBt=m |xRwL QO xOQDUo CQwYx@ 'u=RQ=
|m}v=mt C=YNWt QO ur}B wQB|rB h=}r= Q}F-=D |WywSB QO [16]'�2019� u=Q=mty w
|m}DUq uD@ |m}v=mt C=}YwYN xm OvDi=} QO w OvOQm |UQQ@ =Q |m}DUq uD@
"CU= xDi=} Ow@y@ |WtN w |WWm |=yCtw=kt pt=W 'ur}B wQB|rB h=}r= |w=L
|Q=}U@ \UwD uD@ O} Qrm Pwiv Q@=Q@ QO Ctw=kt QO ur}B wQB|rB h=}r= Q}F-=D '|iQ] R=
xO=O u=Wv [18w17]'u=W}= R= |NQ@ V}=tR; G}=Dv "CU= xOW |UQQ@ u=QoWywSB R=
Q@=Q@ QO uD@ Ctw=kt V}=Ri= x@ QHvt uD@ QO ur}B wQB|rB h=}r= uOwRi= xm CU=
VQ=Ro =Q |[k=vDt G}=Dv [19w15]'u=QoWywSB Q}=U xm |r=L QO 'OwW|t O} Qrm Pwiv
ur}B wQB|rB h=}r= |w=L uD@ O} Qrm Pwiv Q@=Q@ QO Ctw=kt Vy=m R= |m =L xm 'Ov=xOQm

"CU=
u}vJty w T}r}Uwv=v xm OW XNWt ẁ[wt C=}@O= Q@ |QwQt =@ u}=Q@=v@
C=YNWt Ow@y@ |=DU=Q QO |}xS} w |=yp}Uv=DB 'ur}B wQB|rB w |Oqwi h=}r=wQm}t
QwmPt O=wt R= s=Om Qy 'u}= OwHw =@ "OvQ=O |v=t}U |=yC} RwBt=m R= |Y=N
|=yC} RwBt=m C=}YwYN R= |NQ@ QO \ki Ovv=wD|t |D=P |=y|oS} w p}rOx@
=yu; u=t-=wD |xO=iDU= xm |r=L QO &OvW=@ xDW=O |yHwDp@=k |Q=PoQ}F-=D |v=t}U
"OWN@ <=kDQ= u=tRsy CQwYx@ =Q |v=t}U |=yC} RwBt=m |oS} w u}OvJ Ov=wD|t
w `t=H |WywSB Ow@v R= |m =L 'Q[=L Q=DWwv u=QoWywSB |UQQ@ 'u}vJty
QO u}r}B wQB|rB w |Oqwi h=}r=wQm}t 'T}r}Uwv=v u=t-=wD Q}F-=D XwYNQO uwOt
hOy 'Q[=L VywSB QO =Pr "CU= xOw@ |v=t}U C} RwBt=m hrDNt C=}YwYN
C=YNWt QO ur}B wQB |rB w |Oqwi h=}r=wQm}t 'T}r}Uwv=v u=t-=wD QF= |UQQ@
u}= R= =D &CU= xOw@ |v=t}U C} RwBt=m |O} Qrm sH=yD w |Q}PBPwiv '|m}v=mt
xO=O <=kDQ= u=tRsy CQwYx@ |v=t}U |=yC} RwBt=m |OQmrta |oS} w OvJ j} Q]

"OwW
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QW

u=Qt
a|

UOv
yt "|v=t}U C} RwBt=m \wrNt |=yC@Uv C=}�RH "4 pwOH

Cq}Umw@ Qm |rB xU=t C@Uv ?; C@Uv xU=t ?; OYQO� h=}r=wQm}t |v=t}U O=wt
KQ] Om|vRw OYQO� QD= O=wt x@ O=wt x@

(kg=m3) (kg=m3)
�|v=t}U O=wt |tHL (kg=m3)

�|v=t}U O=wt |v=t}U |v=t}U ur}B wQB|rB |Oqwi T}r}Uwv=v u=t}U
0 3 2 6 0 45 1388 4 240 3 { { { 534 Control

0 55 2 6 0 45 1388 4 240 3 { { 10 68 523 32 M1
0 5 2 6 0 45 1388 4 240 3 { 1 { 534 M2
0 55 2 6 0 45 1388 4 240 3 0 2 { { 534 M3
0 6 2 6 0 45 1388 4 240 3 0 2 1 { 534 M4
0 7 2 6 0 45 1388 4 240 3 0 2 1 10 68 523 32 M5

CUmW |xwLv �? &x]kvxUVtN |Q=PoQ=@CLD |QwWvt |xvwtv �hr= "2 pmW
"|WtN |xvwtv

u}vJty "CU= xOW xO=iDU= Q[=L VywSB QO |v=t}U O=wt x@ xU=t w |v=t}U O=wt
"CU= xOW x�=Q= 4 pwOH QO R}v |iQYt |xOvvmu=wQ jwi |xv}y@ |=yOYQO

j@=]t w 4 pwOH QO xOWx�=Q= |v=t}U C} RwBt=m \wrNt KQ] C=}�RH T=U=Q@
"OvOW \wrNt |iQYt Kr=Yt [30]'ASTM C305 OQ=Ov=DU= |O=yvW}B VwQ
|=Q@ "OW xDN} Q =y?r=k QO xOWxDN=U Cqt '\@DQt |=y?r=k |R=UxO=t; R= TB
=@ xk}kO 2 COt x@ =yxvwtv '|v=t}U C} RwBt=m QO OwHwt |=wy |=y?=@L Vy=m
Ca=U 24 R= Oa@ =yxvwtv "OvDiQo Q=Qk xQ@} w CLD w xRQrR}t |wQQ@ 25 (Hz) Ot=U@
OQ=Ov=DU= =@ j@=]t xOW`=@W= ly; ?; QO RwQ 90 w 28 COt x@ w GQ=N ?r=k R=

"OvOW |Qw;pta [31]'ASTM C511

V}=tR; KQW "4"2
|Q=Wi Ctw=kt "1"4"2

O=a@= =@ |v=t}U C} RwBt=m pmW|@amt |=yxvwtv '|Q=Wi Ctw=kt u}}aD Qw_vtx@
QO "OvDiQo Q=Qk V}=tR; CLD [27]'ASTM C109 OQ=Ov=DU= =@ j@=]t 5 (cm)

C@Uv Qy |=Q@ xOWC@F |Q=Wi Ctw=kt u=wvax@ V}=tR; 3 G}=Dv u}ov=}t '=yDv=
"OW VQ=Ro \wrNt

|WtN Ctw=kt "2"4"2
O=a@= =@ |v=t}U C} RwBt=m pmW|QwWvt |=yxvwtv '|WtN Ctw=kt u}}aD Qw_vtx@
VtNV}=tR;CLD [32]'ASTM C348 OQ=Ov=DU= =@ j@=]t 4�4�16 (cm)

Ctw=kt wC@F V}=tR; 3 G}=Dv u}ov=}t 'u=}=B QO "�2 pmW� OvDiQo Q=Qk x]kvxU
"OW x@U=Lt \wrNt C@Uv Qy |=Q@ |WtN

|WWm Ctw=kt "3"4"2
VWm V}=tR; u=wva =@ xm '=yxvwtv uOQms}v wO VwQ x@ |WWm Ctw=kt V}=tR;
Q@ w [33] ASTM C496 OQ=Ov=DU= C=t=Rr= =@ j@=]t 'OwW|t xDN=vW R}v |r} RQ@

"OW s=Hv= 15� 30 (cm) O=a@= =@ |}xv=wDU= |=yxvwtv |wQ

"|iQYt h=}r=wQm}t |Qy=_ Q}w=YD "1 pmW
QmPD u}= "CU= xOW s=Hv= ?; QO T}r}Uwv=v Vvm =QB pta 'xk}kO 10 u=tR COt w
M} ?; s=tL QO T}r}Uwv=v |w=L QW@ 'l}vwU=QDr; Ov}=Qi u}L QO xm CU= sRq
R= V}@ uOWsQo R= CwY jwi=t x=oDUO \UwD Vvm =QB s=ovy QO =D 'OW xDW=Po

"OwW |Q}owrH pwrLt OL

|Qw;pta w |R=UxO=t; '\qDN= |xwLv '\wrNt |=yC@Uv "3"2
|v=t}U C} RwBt=m |=yxvwtv

|=yOYQO "CU= xOW x�=Q= 4 pwOHQO|v=t}UC} RwBt=m\wrNt|=yC@UvC=}�RH
T=U=Q@ 'Q[=L VywSB QO 'ur}B wQB|rB w |Oqwi h=}r=wQm}t 'T}r}Uwv=v |iQYt
xOW ?=NDv= u}W}B |=yVywSB QO xOWxO=iDU= |xv}y@ w ?wr]t |=yOYQO
w u=t}U u} Ro}=H u=wvax@ [23w22]'T}r}Uwv=v |vRw �2 R= '=DU=Q u}ty QO "CU=
h=}r=wQm}t |tHL �0 2 w [25�23]'|Oqwi h=}r=wQm}t R= |tHL �1 ?}DQDx@
u=t-=wD w =RHt CQwYx@ |v=t}U C} RwBt=m QO |vOwRi= u=wvax@ [26w23'7]'ur}B wQB|rB

"CU= xOW xO=iDU=
Q}O=kt [27]'ASTM C109 OQ=Ov=DU= R= T=@Dk= =@ xm CU= sRq QmPD u}=
xU=t w |v=t}U O=wt x@ ?;C@Uv |=Q@ x}rw= Q}O=kt u=wvax@?}DQDx@ 2 75 w 0 485
|=yOYQO x=Qty x@ QwmPt |x}rw= Q}O=kt =Pr "CU= xOW xDiQo Q_v QO |v=t}U O=wt x@
Q=Qk |y=oW}=tR; QQmt |=y=]N w |aU CLD xOvvmu=wQ jwi hrDNt |iQYt
hOy =@ [29]'u=} QH R}t w [28]'AtqU= |v}t |=yV}=tR; R= Qw_vt u}ty x@ "OvDiQo
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